Ch (2) 

CPU Registers 



15 



7 



8-Bit Accumulators A and B 
or 

16-Bit Accumulator D 



15 



Index Register X 



15 



IY 



Index Register Y 



15 



SP 



Stack Pointer 



15 



PC 



Program Counter 







S X H I N Z V C 



Condition Code Register 
CCR 



-Carry/Borrow from MSB 

■Overflow 

-Zero 

-Negative 

-I-Interrupt Mask 
-Half Carry (from bit 3) 
-X-Interrupt Mask 
-Stop Disable 



CPU Registers important to instruction execution 




15 14 13 12 11 10 9 S 7 6 5 4 3 2 1 



15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 



2@S-bil Accumulator: A.B 
or 1@ 16-bu Accumulator D 

16-bit Index Register X 

16-bil Inda* Register ¥ 



IR 
P 



E 



I 7. 



Multi byte Instruction Register 

currant vufrncfran 



S 15 14 13 12 11 10 9 8 7 G 5 4 3 2 1 



15 14 13 12 11 10 3 8 7 6 5 4 3 2 1 



1&-bit Program Counter 

Jdtfnsss -J'" mMf tostructtan 

16-bil S^ack Pomler 



CCR X H I N Z V C B-M Condition Cod* Register 



CCR j S X H I N Z V C 

Stop Disable ^ 



External Interrupt Mask 
Half Carry 
Interrupt Mask 



T 



Ca nyf Borrow 
Overflow 
Zero 
Negative 



2@8-bil Accumulator: A.B 

A M3EM 6 

or 1fflt£bil Ac£u.imuIjIu( 
I 3 1 6-bif Index Register: X 




15 - 8 



1»-bil Indvx Roller; Y 



Mutti-bytfl tn-atruction. Ragi'ster: cunmi Anii™*wi 

IR ' 



7-0 7-0 



'£ 16-blt Program Coun(»r: nwr IrnthrclHXT 



1«.hlt Sl*ck Pinter -a 




5P 


15-8 


7-0 



8-btt Condition Code Register 

CCR s X H I N Z V C 



adrJmft I 
j'Jd ress ; 




Data Memory 
addntaa 
addrnres 



Program Memory 
adcJru** I 
add no 5.5 I 



Add res* 



Register File 

- store data in/out of memory or ALU 

- Accumulators: 2 @ 8-bit OR 1 @ 16-bit 
*There are two 8-bit accumulators (ACCA and ACCB) 

* Each may be a source or destination operand for 8-bit instructions. 



- Index Registers: 2 @ 16-bit 

• Index registers X and Y: The two 16-bit index registers are used primarily for 
indexed addressing (will be studied in addressing modes). There are also some 
arithmetic instructions involving the index registers. 



e.g. INX (increments the contents of index register X, i.e., (IX) «< 
(IX)+$0001) 



PC 

- Stack Pointer (SP) 

• holds address of stack (special block of memory), 16 -bit 



- Condition Code Register (CCR) 

• holds "flag" values generated by last instruction executed, 8-bit 

• known as Status Register in other controllers 




ACC A , ACCB 




' Control Unit 

- Program Counter (PC) 

• holds address of next instruction, 16-bit 






CCR , 8 bits 



ALU Status Flags: each condition tested after each instr. exec. 

- C: Carry Flag 

•= 1 if carry (addition) or borrow (subtraction) occurs in instr. exec. 
-V: Overflow Flag 

- 1 if 2's complement overflow occurs in instr. exec. 
-Z: Zero Flag: =1 if ALU result = 

-N: Negative Flag: =1 if MSU of ALU result is 1 (i.e., negative in 
S2C) 

- H: Half-Carry Flag: =1 if carry from lower nibble (nibble = \ byte =4 

bits) 

CCR Examples : 

Instructions cx resulting CCR flag status 

- 8-bit addition 
B7 + 4A 

ACC A 

4jI jjuA £31211 uijfrl j JjJ Jj3 ^1 cJ£ fr^t M J^ 1 

CCR 

£a^I uijfrl (jLuic. ^Uali 4jj^A j^ifr ^uilAuJl 4jJj£-« <Jj3 ^131 ^jVI 

B7= 1011 0111 
4A= 0100 1010 

^1 MJLjfcl! O*^^ ^ ^iJ^ Ajlja ^ ^Ul <> f&i 

2's complement 

If MSB =1 » number is negative 
If MSB =0 » number is positive 

B7 »>negative 

=(1 *2°)+(1 *2 1 )+(1 *2 2 )+(0*2 3 )+(1 *2 4 )+(1 *2 5 )+(0*2 6 ) - 
(1*2 7 ) = 1+2+4+16+32-128 = - 73 
4A »> positive 

=(0*2°)+(1 *2 1 )+(0*2 2 )+(1 *2 3 )+(0*2 4 )+(0*2 5 )+(1 *2 6 ) - 
(0*2 7 ) = 2+8+64 = 74 



A) 'l Weill C=_L V= 0_ tg-_G_ rf^ i ||c J 




^1 j 1J! IjILuj cjj 8 Jjl J&*A ^2Uil ^Ik. 74j 73- ^ Ul u^j>> 
Discard carry_out 

C (carry ) in condition code register(CCR) = 1 



07 + F9 + I 1 I I 100 | 



07 = 0000 0111 = + 7 
F9 =1111 1001 

=(1 *2°)+(0*2 1 )+(0*2 2 )+(1 *2 3 )+(1 *2 4 )+(1 *2 5 )+(1 *2 6 ) - 
(1*2 7 ) = 1+0+0+8+16+32+64-128 = -7 
SO, 7 +(-7)=0 

Discard carry out , c=1 . 



1 1 1 || 

3 I Oft OLIO C=1V=1^C_^- 
+ I00M0LO f 

B6 + 9A (Tjoioi060g_7 ^ 

B6 = 1011 0110 

=(0*2°)+(1 *2 1 )+(1 *2 2 )+(0*2 3 )+(1 *2 4 )+(1 *2 5 )+(0*2 6 ) - 
(1*2 7 )= 2+4+16+32-128= -74 

9A= 1001 1010 



=(0*2°)+(1 *2 1 )+(0*2 2 )+(1 *2 3 )+(1 *2 4 )+(0*2 5 )+(0*2 6 ) - 
(1*2 7 )= 2+8+16-128= -102 

-74 -102 = -176 (1 0101 0000 )» 9 bit ! ! 
1 6 ^ t5J^l J... jajl 

** 

ASM Instruction Format 



Label 

Instraction mnemonic 
Operand 
Comment 

-LABEL INSTR_MNEMONIC OPERAND(S) COMMENT 

LABEL: identifies location of a line of code 

- used by Assembler (compiler); not part of actual instructions 

- generally used for looping (jump, branch) 

• MNEMONIC: text code for each ASM instruction 

- translated by Assembler to a specific instr. "op-code" 

• op-code = hex machine code for each ASM instruction 

•OPERAND: data/address used by ASM instruction 

- function of "addressing mode" (discussed later) 

- some instr. don't have operands 



$= HEX value 
- EX: $12 = 18 



•%= BIN value 

- EX: %10 = 2 



10 
10 



• none = DEC value 
- EX: 12 = 12 



10 



•#denotes a data value (rather than an address) 

- EX: ADDA #$A5, adds value $A5 to accA 
ADDA $A5, adds value at address $A5 to accA 

- illustration to clarify will come soon! 

• first need to make things even more complicated © 

• Example ASM program code 

Tor akdA #7 ;«<U accA +■ 7 



• Program Assembly 

- rnstr._mnemonics converted to HEX op-codes 



• So... HEX values can represent 

- instruction op-code bytes 

- instruction data or operand bytes 

- data/instruction address bytes 

-and you need to be able to tell which witch is which! 



Addressing Mode: 

An addressing mode specifies how to find/locate the data. 

• Inherent 

• Immediate 





Extended 
Direct 

Indexed (=lndirect) 
Relative 



- Inherent: instruction requires no data form outside the CPU 

* EX; ABA {A A+B} or INX {increment iX by 1} 

. i . . . . i j remaining 2 modes 

* inherent instructions nave no operands Q „ ™™ 

r are more 

- all needed data within CPU registers complicated and will 

- Immediate: data value is in operand (not in memory) be covered later 

* easily identified by having a # in the operand 

* EX: LDAA #$F3 {put $F3 into accA] or ANDA #$2C 

- Extended: data for instruction is in memory 

* 2 -byte operand specifies memory address | value atthis mem - addr 

* EX: LDAB $20B4 {put value in $20B4 into accB; B <r <$20B4>} 

- Direct: data for instruction is in memory with 1-byte address 

* special case of Extended 

- used for addresses $0000 - $00FF (256 bytes), where MSBy is $00 

- saves program bytes and execution time; eliminates 1 operand value 

- addresses $00-$FF largely used by configuration registers (control I/O functions) 

* EX; AbbA $E3 {A <r A+<$00E3>} 



Relative addressing mode : 



"Relative" Concept 

How can we define the address of the red house? 

21 £ A <r<u. 



PINK 



V 

Absolute Address 

-3 rd House on the left from Main Street 



• Relative Address 
-locate by offset from reference 

— references offsets offset + reference 

• Green House 

• Pink House 

• 'X 1 

Branches 

(JT^J ^J^ 1 i> tJ^ ^ >" 

J" yr^J^ ^ 3 



*** 



II , • "VI II 



LDAA #$10 



LOOP NOP 



DECA 



BNE LOOP 



Label 

J "^J^" LT^ J JJ^< f^J^ 

Offset 
Assembler 

Cini] "^1" Cinll ^ £ jjj jjlc ^Jll <j-n^]| jA 

6^ (j^jlil! AjI ^1 ^ulaj ( . ljoiaj (jLuoC (j^jli (jl jlnS 



• The assembler calculates the offset from 
current PC value in the following manner: 

rr = PCnew — PCqld — T 

where: 

rr is the relative address(offset), 
PC NE w is the destination address 

Ljjji Ajfl ljjjLs ^111 jkuiJ) urn" mi a ll ^Ijjfr Jjjfl ^1 JIIaJI ^ 

PCold is the address of the branch 
instruction 

T is the number of bytes used by the 
branch instruction. 

T=2 byte 



Indexed Addressing: 

• It uses one of the two index registers to calculate the 
address of the data. It uses the index register to refer 
to the data indirectly 

LDAA $04,X 



A (Acc. A). 



